APPENDIX. AN APPROXIMATION TO THE NOISE PROBABILITY
DENSITY FUNCTION

As we have seen, we are confronted with the noise prob-

ability density function,

o m 20 2
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The optimum detection algorithms and the numerical computa-
tions required the use of this pz(z). It is of use to de-
velope a simpler expression which is still a good approxima-
tion to the above and which can be used then to develop good
suboptimum receivers or which can be used perhaps to simplify
future numerical calculations.

We first note that each term of the sum in (Al) is a
Fourier transform, so that, with a change of integration and

summation, we get
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Therefore, we have
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or
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p,(z) = %F_ [ e e exp[:Ae 2A(1+T") 1 de. (A4)
In (A4), the exp[:] part of the integrand is well behaved
for the small values of A and T' of interest to us and easily

approximated. We use
52
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Note that our approximation is an upper bound, matches at and

near the origin, and also for & large. The maximum difference

occurs at

r_-gr  q_1
eXpL-Z—A'-—-—T(l_*_F' _s = K In A ’ (Aﬁ)

and this maximum difference is exceedingly small for small
3

b

A and T''. For example, for A = 0.35 and I'' = 0.5 x 10
this maximum difference is 0.018, or less than 1 percent.
The bound is even tighter for smaller values of A. Using

(A6) in (A4), we obtain
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where
o = eA I R

2 I

B® = 157 »
and
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This approximation is a proper pdf; i.e., it integrates to 1,
and computations show that it begins to differ slightly from

pz(z), for small A and T'', only for values of z greater than

10, i.e., after 10 standard deviations.
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